Purpose After curative treatment for colorectal cancer (CRC), routine colonoscopies are recommended. We aimed to identify all studies of ethnic disparities in CRC surveillance and examine any association between race/ethnicity and colonoscopy use. Methods We conducted a systematic literature review to address the association between race/ethnicity and colonoscopy use among CRC survivors. We searched Medline for relevant articles. Two authors reviewed titles, abstracts, and articles based on pre-determined inclusion/exclusion criteria. Results Of the 1,544 titles reviewed, eight studies published since 2001 investigated racial/ethnic disparities in colonoscopy use. Four articles showed a small significant ethnic disparity in the receipt of timely colonoscopy, and the remaining four articles showed a nonsignificant trend in the same direction. The effect did not vary by time of diagnosis or proportion of minorities in each study, though studies with larger samples showed somewhat greater racial/ ethnic disparities in colonoscopy use. Conclusions We found at least a small disparity in the use of colonoscopy among CRC survivors, suggesting that ethnic disparities continue beyond prevention, detection, and treatment of CRC. It is important to identify areas of unequal care in CRC survivorship and to promote timely surveillance among CRC survivors who belong to racial/ethnic minorities to decrease disparities in mortality. Implications for Cancer Survivors CRC survivors who belong to racial/ethnic minorities may be less likely to receive follow-up colonoscopies on time, which could contribue to higher rates of death from CRC among minorities.
Introduction
After curative treatment for colorectal cancer (CRC), routine surveillance using colonoscopy may improve patient outcomes by detecting local recurrences and second CRCs early enough to treat. Although the magnitude of benefit has not been shown in trials to date and the optimal surveillance frequency has yet to be determined, multiple clinical practice guidelines have long reflected the general consensus that surveillance colonoscopy should be the standard of care [1] [2] [3] [4] [5] [6] . However, CRC survivors appear to be receiving fewer timely surveillance colonoscopies than recommended, even accounting for differing guidelines [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] . This literature review focuses on the underuse of surveillance colonoscopy, specifically among racial and ethnic minorities. The incidence of CRC is higher among some racial/ethnic minorities (although not Latinos) compared to whites, as is mortality [18] . These poor outcomes among minorities may result from documented disparities in prevention (e.g., diet and exercise) and early detection (screening) [19, 20] . Further, racial/ethnic minorities with CRC receive less aggressive treatment, which may also contribute to differences in mortality [21] . We hypothesize that racial disparities in CRC persist beyond treatment completion, with minorities receiving fewer timely post-treatment surveillance colonoscopies than whites, contributing to poorer outcomes for racial/ethnic minorities.
Although some studies have directly addressed ethnic disparities in receipt of surveillance colonoscopy, the results are mixed and inconclusive. Further, some studies may have indirectly addressed race/ethnicity among many predictors of colonoscopy surveillance, and these studies may not be readily identifiable in the literature. By systematically reviewing the current literature on the receipt of colonoscopy among CRC survivors, our goal is to identify all relevant studies of ethnic disparities in CRC surveillance and enhance our understanding of how a modifiable factor (colonoscopy use) contributes to increased mortality rates among minority CRC populations.
Methods
We searched for articles assessing CRC surveillance among diverse ethnic CRC survivors. We searched PubMed for articles published through December 2010 using the following search string derived from keywords relevant to our topic: [(colonoscopy OR endoscopy OR surveillance) AND (utilization OR guideline OR compliance OR adherence OR receipt)], [(colorectal OR colon OR rectal) AND (neoplasm OR cancer)], AND (resection OR surgery OR curative).
We did not include any terms relating to ethnic disparity in the search strategy, because we did not want to exclude relevant studies that assessed race/ethnicity as a predictor of surveillance but did not report this in the title or abstract. We sequentially screened titles, abstracts, and full texts of articles for inclusion, using the following criteria for each step in the screening process: if the author(s) reported original data, if surveillance practices among CRC survivors were assessed, and if race or ethnicity was assessed in relation to colonoscopy use. We excluded articles that were not in English. We documented the number of articles screened at each step based on a modified PRISMA flowchart [22] . When full-text articles were screened, we listed the primary reason for exclusion. Four authors participated in the screening process, with two authors reviewing each article at each step. When authors disagreed on the relevance based on title or abstract review, the article was included in the next screening step. Disagreement at the level of full-text screening was resolved in discussion among all authors. Only at the stage of full-text screening did we eliminate studies for not assessing race/ethnicity as a predictor of colonoscopy adherence, in order to ensure that we did not inappropriately exclude studies that included race/ethnicity but did not mention this predictor in the title or abstract.
We reviewed the relationship between race/ethnicity and colonoscopy use in each study. Guidelines for the timing of colonoscopy have often conflicted, and they have changed over time [1] [2] [3] [4] [5] [6] . For this reason, we did not assess guideline adherence, but simply assessed racial/ethnic variations in colonoscopy use as measured in each study. For each study, we recorded sample characteristics including dates of diagnosis, race/ethnicity distribution, and sample size for each study. We reviewed these variables to assess whether they moderated any racial/ethnic disparities in screening rates across studies.
Results
The PubMed search yielded 1,544 unique articles. After screening titles and abstracts for eligibility, 90 articles remained that were eligible for full-text screening. Nine articles ultimately met our criteria for review. Of these nine articles, eight were unique studies and formed the final sample of articles for our review (Fig. 1) . The eight studies were published between 2001 and 2010, with data from regional clinical populations, national registries, and population-based studies (Table 1) [7, 10, 11, 15-17, 19, 23] . Typically, less than 15 % of each of the study samples was non-white; however, four studies included large national samples that were powered to detect differences in use of surveillance among smaller minority populations [10, 17, 19, 23] .
Because of our inclusion criteria, all studies assessed the use of colonoscopy among CRC patients. In four studies, the receipt of colonoscopy could not be distinguished from the receipt other colon exams [10, 11, 15, 16] . In these four studies, colonoscopy represented between 70 and 90 % of all colon exams received. Our review thus summarized colonoscopy use (when possible) or the use of all colon exams when it was not possible to single out colonoscopies.
There were statistically significant ethnic disparities in four of the eight studies, with blacks less likely to receive timely endoscopic surveillance than their white counterparts in all four studies [7, 10, 15, 19] . Cooper at al. [19] used Medicare claims to assess surveillance colonoscopies for multiple indications, including Crohn's disease, personal history of colorectal polyps, ulcerative colitis, and a personal history of CRC [19] . Among this mixed cohort, the annualized rate of surveillance colonoscopies occurring in 1999 was higher for whites than blacks (1.28 vs. 0.62 %, respectively, of all Medicare beneficiaries). Because of the cross-sectional nature of this study, even if the analysis were limited to CRC survivors, the timing of surveillance with regard to diagnosis or treatment is unknown. A later study by Cooper and colleagues [7] using linked data from Surveillance Epidemiology and End Results (SEER) and Medicare investigated adherence to existing surveillance guidelines among CRC survivors, which was conservatively defined as at least one colonoscopy within three years after diagnosis [7] . Fewer blacks were adherent to colonoscopy guidelines than whites (65.4 vs. 74.6 %, respectively), and in a multivariate logistic regression model controlling for clinical, sociodemographic, and geographic factors, blacks were still significantly less likely to undergo colonoscopy than whites (OR00.57, P00.001). Ellison et al. [10] also used SEER-Medicare data to investigate colon exams among CRC survivors diagnosed between 1986 and 1996 and found that blacks were less likely than whites to have both their first and second colon exams, and that the racial difference in surveillance persisted at 18 months, 3 years, and 5 years after diagnosis [10] .
Among CRC survivors within 11 health maintenance organizations (HMOs), Rolnick et al. [15] investigated receipt of colon exams, limiting the analysis to patients who were either black or white [15] . The median time to the first colon exam among these patients was significantly longer for blacks (18.7 months) than whites (14.3 months). Racial differences in receiving at least one colon exam rates persisted over time, as measured at 1, 3, and 5 years. Without respect to time, blacks were 38 % less likely to receive a colonoscopy than whites.
The remaining four studies did not show statistically significant ethnic disparities, but they still showed nonsignificant trends of ethnic minorities being less likely to receive timely colonoscopies than whites. An early study by Cooper and colleagues [9] of patients diagnosed in 1991 using SEER-Medicare data showed no statistical differences between racial/ethnic groups, with 51 % of white and 47 % of black patients undergoing at least one colonoscopy by 3 years after diagnosis [9] . Elston Lafata et al. [11] investigated colonoscopy use among CRC survivors within an HMO in Michigan, and found that whites were 1.43 times as likely as non-whites to get colonoscopy, though this relationship was not statistically significant [11] . Rulyak et al. [16] measured colonoscopy use among CRC survivors among members of an HMO in Washington [16] . The authors found that there was a trend of decreased use of colon exams (mostly colonoscopies) among blacks compared to whites (RR00.70, n.s.). The opposite was true among those of non-black and non-white race (predominantly those of Asian descent), with a trend toward increased use of colon exams compared to whites (RR01.47, n.s.). However, only 7 % of the sample of 1,002 patients was non-white, limiting the ability to generalize of these findings. More recently, Salz et al. [17] used data from the Cancer Care Outcomes and Surveillance (CanCORS) study, whose sample is a combination of patients in HMO, population-based, and Veterans Affairs settings, to assess colonoscopy use among CRC survivors [17] . The authors found a trend toward less receipt of colonoscopies within 14 months of surgery for blacks than for non-Hispanic whites (47 vs. 49 %), which was not statistically significant in multivariate analysis (OR00.89 for blacks compared to whites, n.s.). In multivariate analysis, non-white Hispanics were less likely than whites to receive a colonoscopy (OR00.95) and participants of other races were more likely to receive a colonoscopy (OR01.50), but neither relationship was statistically significant, and each of these groups formed a small portion of the study sample.
Results were more mixed for non-white and non-black CRC patients, possibly due to small sample sizes and heterogeneity within this group [7, 10, 11, 16, 17, 19, 23] .
Two studies that found racial disparities in the timeliness of the first post-treatment colonoscopy examined whether racial disparities change over time since diagnosis. Rolnick et al. [15] found that racial differences were statistically significant at each time point of 1, 3, and 5 years after 94 % Non-black 1991 (followed through 1994) 46.9 % of blacks obtained a colonoscopy vs. 51.4 % among whites and 45 % in patients of other races in 3 years (n.s.).
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Elston Lafata, J. [15] . Further, Ellison et al. [10] found that racial differences increased at each time point of 1.5, 3, and 5 years after diagnosis, even when accounting for sociodemographic, hospital, and clinical covariates [10] . Only one study investigated racial differences in receipt of subsequent colon examinations beyond the first examination. Controlling for sociodemographic, hospital, and clinical characteristics, Ellison et al. [10] found that black patients who received one colon exam were 9 % less likely than their white counterparts to receive any subsequent colon examinations (p<0.05) [10] . Racial differences did not persist at the third colon exam.
Among CRC survivors in all eight studies, the dates of diagnosis ranged from 1986 through 2005, and the dates overlapped substantially between studies. There was no apparent pattern of the presence or absence of statistically significant disparities in colonoscopy use based on the year of patient diagnosis.
Sample size and percentage of minorities may affect the ability to detect a difference in colonoscopy rates within studies. Studies ranged from 251 to 52,105 participants with CRC, and one study included more than 33 million people [19] , but was not limited to colorectal cancer survivors. Four studies included fewer than 2,000 participants, and only one of these smaller studies [15] showed a statistically significant disparity in surveillance, compared with three of the four larger studies [7, 10, 19] showing a statistically significant disparity. The percentage of minorities ranged from 6 to 37 % across studies, with three studies [11, 15, 17] consisting of at least 25 % minorities. Two of the three studies with the highest proportion of minority participants did not find statistically significant disparities [11, 17] .
Discussion
Surveillance colonoscopies are recommended for CRC survivors, with the intent of detecting treatable recurrences, metachronous cancers, and precancerous polyps. Prior research has shown that colonoscopies are underused among CRC survivors [10] [11] [12] [13] [14] [15] [16] [17] 24] . Despite evidence of widespread disparities in CRC prevention, detection, treatment, and outcomes, few studies have investigated racial and ethnic disparities in the context of survivorship care. Our systematic review of the literature yielded only eight studies that addressed racial and ethnic disparities in colonoscopy use among CRC survivors. In all eight studies, a trend showed decreased colonoscopy uptake among ethnic minorities, although this relationship was only statistically significant in four of the studies. The three largest studies showed statistically significant ethnic disparities, suggesting a small effect of race/ethnicity that might only be detected in a large study [7, 10, 24] . However, across studies, the inclusion of a 
Findings
Blacks were significantly less likely than whites to undergo colonoscopy within 3 yrs. (OR00.57, larger proportion of minorities, which could facilitate the detection of a small effect, seemed unrelated to whether there were statistically significant surveillance disparities.
Other studies have demonstrated ethnic disparities after a cancer diagnosis. Blacks are less likely than whites to receive curative surgery and adjuvant chemotherapy for CRC [21, [25] [26] [27] [28] . There is also evidence that blacks receive less pain management than their white counterparts [29] . The current study shows that the disparities continue in the realm of surveillance, even after treatment is complete. Disparities may not be limited to frequency of surveillance; one study found that black patients were more likely to receive alternative types of colon exams (such as barium enema) than their white counterparts [10] .
The reasons for ethnic disparities in CRC surveillance are unclear. One possibility is that general health plays a role. CRC survivors with more severe comorbidities are less likely to receive timely colonoscopies than their counterparts [7, 11, 17] . Minorities are more likely to have comorbidities than their white counterparts, and it may be that after the completion of curative treatment, the focus of care for some survivors is the management of comorbidities rather than surveillance [19] . In fact, sicker survivors may not be appropriate candidates for colonoscopy if the benefits do not outweigh the risks of the procedure.
Access to care may play a role, although even in studies of managed care populations, where patients presumably have equal access to services, disparities in surveillance colonoscopy use persist [7, 10, 11, 15, 16, 23, 24] . Similarly, studies of Medicare beneficiaries show evidence of disparities, although copayments may present a barrier, especially for those without Medigap insurance [7, 10, 23, 24] . Minorities may be disproportionately faced with issues of access to care, which may extend beyond the availability of affordable services; transportation, the ability to miss work for a colonoscopy or its preparation, and other factors may be difficult for minorities with lower socioeconomic status. These factors have been shown to affect screening colonoscopy among asymptomatic adults, and they may still play a role in the survivorship setting.
Colonoscopy use likely depends on receiving an appropriate referral from the provider who is responsible for the survivor's post-treatment care. The management of care after the completion of curative treatment remains poorly defined, and survivors often have gaps in ongoing care [30] . Receipt of surveillance colonoscopy has been shown to be higher among CRC survivors who continue to see an oncologist after treatment completion compared to CRC survivors who do not [31] . Similarly, CRC survivors who visit a primary care provider in the first year after diagnosis are more likely to receive timely colonoscopies [17] . A study of survivors of many types of cancer found that having a usual source of care was associated with increased participation in clinical preventive services, such as influenza immunization and a routine physical examination [32] . If the underuse of colonoscopy is a result of poorly coordinated care, it is possible that care coordination is a particular challenge for minority survivors. This is an area for further study, particularly in understanding any disparities in how patients receive follow-up care.
Survivorship care plans may play an important role in the improvement of care coordination. Survivorship care plans are personalized documents that summarize treatment history and recommended future care, with the intention of informing both cancer survivors and their providers about optimal survivorship care [33] . A literature review of preferences for survivorship information found that survivors and providers are eager for the information in survivorship care plans [34] . Although few studies have directly addressed the needs of survivors from minority racial and ethnic groups, one focus group study of African American breast cancer survivors found that survivors are interested in receiving survivorship care plans that would inform them more about self-care [35] . As survivorship care plans become more widely used, these documents may increase appropriate colonoscopy use. Resolving disparities may require a more intensive approach. Findley et al. describe behavioral interventions to improve preventive care among survivors, such as provider-based counseling and targeted educational sessions, which may be targeted to minority populations to reduce disparities [32] .
Finally, the survivors in the studies in this review were all diagnosed before the publication of the most recent guidelines. In 2006, multiple professional agencies reached a consensus about the recommended frequency of colonoscopy use for cancer survivors [6] . Simply having consistent guidelines may help providers and survivors better understand the importance of colonoscopies and their ideal frequency.
Conclusion
This review highlights the need to ensure equal access to and use of colonoscopy among all survivors of CRC. Although there are a limited number of studies, most of which only looked at differences between black and white survivors, at least a small disparity exists in the uptake of colonoscopy among CRC survivors. This disparity may be typical of other disparities in the receipt of post-treatment care. It is important to identify other areas of unequal care in CRC survivorship and to promote timely surveillance among CRC survivors who belong to racial and ethnic minority groups.
